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ROYAL COMMISSION ON ELECTRIC POWER PLANNING 


CONVENTIONAL AND ALTERNATE GENERATION TECHNOLOGY 


Introduction 


In its most simplistic form the central purpose of the 
Royal Commission on Electric Power Planning can be expressed in 
a single sentence - "To identify a long-term electric power 
strategy for Ontario and to consider its implications." The 
word "strategy" is used in the sense of the development of 
"planning concepts". And central among the basic requirements 
in developing any energy strategy is a consideration of the 
primary fuel needs. In particular, the question arises - what 
primary fuels should be used to generate electric power in 
Ontario taking into account economic, financial, environmental, 


lifestyle, health, and fuel availability factors? 


This issue paper, third in the series, will consider the 
issues relating to the so-called conventional methods of 
generating electricity, projected into the future, and the issues 
relating to what have come to be described as "alternate energy 
sources" and especially their potential utilization in space 
and water heating and in the generation of electric power. 
Conventional generating technologies will be considered under 
two main headings, (a) hydraulic generation, (b) thermal 


generation - coal, oil, natural gas and recycled waste. 


The alternate generation technologies will be considered 
under the headings of (a) multi-purpose plants, (b) solar energy, 
and (c) other potentially viable electric power generation 
systems which may be commercially available by the end of the 
century (e.g. nuclear fusion; magneto-hydrodynamics; wind 
power; biomass). The issues relating to nuclear fission 
power in Ontario were identified and explained in the 


Commission's first issue paper. 
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In any discussion of electric power generation it is 
important to differentiate between ‘base load generation' and 
"peak load generation". Base load generation can be defined as 
"generation which operates, or is capable of operating, at full 
output most of the time it is available", while peak load gener- 
ation is "generation whose power output is produced chiefly 
during the daily peak load periods - at other times of the day 
it is normally shut down or operated at minimum safe loadings". 
Base load power is normally provided by generating stations with 
comparatively low or virtually zero fuel costs (e.g. nuclear power 
and hydroelectric power), while peaking power generators, which 
supplement the base load generators, and which are comparatively 
costly to operate, must be capable of supplying a comparatively 
rapidly changing demand (i.e. the load) especially during peak 
periods. Peaking generators are rapid start-up and rapid response 
generators (e.g. oil, gas, and coal-fired generating stations 
and diesel generators). Note that fossil-fired generators can 
act as base load stations although for economic reasons this may 
not be desirable over long periods, while hydroelectric generat- 


ing stations can act in a peaking capacity. 


Since 1951, when the R.L. Hearn coal-burning station was 
put into service to supplement the then exclusively hydroelectric 
based system, there has been no doubt that the electric power 
system in Ontario should incorporate a mix of generating techno- 


logies. This continues to be the policy of Ontario Hydro. 


Primary fuels are said to be either renewable (hydroelectric 
energy, direct solar energy, wind energy, biomass energy, etc.) 
Or non-renewable (i.e. fossil fuels, uranium, thorium and sub- 
sequently, if nuclear fusion power becomes a commercial 
reality, deuterium and lithium). The current global energy debate 
is concerned essentially with the rate of depletion of the non- 
renewable fuels (especially oil and natural gas) and with the 
extent to which these fuels can be replaced by renewable sources 
of energy or by long-term non-renewable sources such as nuclear 
fission and fusion. Be it noted, and emphasized, that energy 


cannot be recycled (like many materials) - once burned, a lump 
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of coal, or a pint of gasoline, has gone for ever (see page 4 also). 


It is fascinating to note that, with the possible exception 
of nuclear power (it has been suggested that the uranium and 
thorium deposits on earth may have originated, several billion 
years ago, in the centre core of a star), all energy used on 
earth ultimately comes/or came from the sun. Accordingly, 
solar energy, in the form of direct radiant energy, ultimately 
gives rise to the winds, hydro-power and biomass; while during 
the course of long-term geological processes, over many millions 
of years, coal, oil and gas deposits are formed - originally 
these were the products of photosynthesis giving rise to the 


growth of vegetation which subsequently decayed. 


This paper will not be concerned so much with the techno- 
logical issues which relate to various methods of generating 
electricity, although some basic physical laws are introduced, 
as with the socio-economic issues associated with them. In 
particular, such issues as the security of fuel supplies, the 
siting of generating stat:ions, environmental and health factors, 
and other socio-economic factors will be introduced. But before 
considering specific generating processes and their implications 
it may be helpful to introduce briefly the basic concepts of 
"energy conversion" and "energy storage". Both concepts are 
central, for example, to an understanding of the generation of 
electric power and the potential role of solar energy in electric 


power planning. 


1 Energy Conversion and Storage 


All energy systems are predicated on the basic laws of 
physics, and, in particular, the laws of thermodynamics establish 
the fundamental principles of operation of these systems. 
Although it's not necessary for most of us to understand these 
laws in depth, unless we are designers of energy generating 
facilities or research workers in the energy field, or teachers 
giving courses on energy, it is nevertheless important for all 


of us to know that the technology of electric power generation 
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is founded on basic physical laws which have withstood the test 
of time. These laws explain, for example, why the efficiency of 
thermal generating stations (both nuclear and fossil-fueled), in 
spite of excellence in design, is always comparatively low if 
they are used solely for the generation of electricity. However, 
if thermal generating stations are used for the co-generation of 
electricity and thermal energy (e.g. for district heating) 
application of the basic laws indicates that it may be possible 
to improve the overall efficiency of utilization of the primary 


fuels. 


There are two laws of thermodynamics and they are vitally 
importaht in any meaningful discussion of energy and its utiliza- 
tion. A simple statement of them may not be out of place in this 
paper. The first law states, quite simply, that energy can neither 
be created nor destroyed although it can change its form - e.g. the 
energy in free falling water (i.e. gravitational energy) can be 
converted to electrical energy. The second law, in simple form, 
states that in all natural processes the conversion of energy, 
or the transfer of energy (e.g. the flow of electricity through 
a transmission line), is always accompanied by losses of energy 
- in other words it is impossible to convert completely a given 
quantity of energy into work. What happens is that "nature" 
always "gobbles up" some of the energy and this is what "entropy" 
is all about! This inherent loss of energy (it is sometimes 
erroneously referred to as waste energy - erroneously, because 
we can't do anything about it), for example, gives rise to the 
concept of the irreversibility of the combustion process. After 
burning a fuel it is impossible, even ideally, to collect to- 
gether all the products of combustion and to "reconstitute the 
fuel" - we can't put "humpty-dumpty" together again! Energy 


cannot be recycled! 


All physical and biological processes, in one form or 
another, embody energy conversion processes - some of the most 
complex known to man are, of course, involved in the conversion 


of food energy into "muscle power" and "brain power". And the 
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conversion of some of the energy stored in the nucleus of an 
atom of uranium-235 into electric energy is a major manifestation 


of man's scientific and technological skill. 


It is most important to note that, whenever the process 
of energy conversion takes place, there is an inevitable de- 
grading in quality of some of the energy; this is yet another 
manifestation of the "second law". What do we mean by "quality 
of energy"? - formally, we say the "quality of energy describes 
the degree to which energy can be converted into work". For 
example, some forms of energy, such as electricity and gravita- 
tional energy (the higher a weight is lifted from the ground the 
greater its potential energy), are high quality forms because 
they can almost completely be converted into work as well as into 
other forms of energy. On the other hand, the massive amount 
of thermal energy contained, for instance, in Lake Ontario is 
low quality energy because the temperature of the water is 
comparatively low. Note that high temperature sources of thermal 
energy are of higher quality than low temperature sources. It is 
an exasperating fact that many major sources of energy on earth 
(e.g. the thermal energy stored in oceans and lakes) are low 


quality sources and as such are virtually unuseable by man. 


Coal, crude oil and natural gas are all high quality forms 
of energy, so is solar energy (from which is derived wind energy, 
hydraulic energy (e.g. water: falls), tidal energy, wave energy, 


biomass energy, etc.). 


As implied previously, the energy conversion process is 
ubiquitous. It is not only basic to the generation of electricicty 
but it characterizes all uses of energy. Consider the conversion 
of the chemical energy of gasoline into the mechanical energy of 
an automobile, the conversion of electric energy into audio, 
video, and thermal energy in a television set, etc. Being aware 
of the fact that energy conversion inherently involves energy 
losses, it behooves man to ensure that these losses are minimized 


by the choice, if feasible, of appropriate processes. This is one 


of the most important lessons to be learned from elementary 


thermodynamics. It is well illustrated by a simple example. 


If we boil the water in a kettle using a very hot flame, 
say an oxy-acetylene torch, the water will boil very quickly. 
But the process is very inefficient from the standpoint of 
primary energy utilization. Nor is it much more efficient if 
a gas or electric stove is used. On the other hand, if we 
use a large concave mirror, say two meters in diameter and 
made quite simply using tin or aluminium foil suitably 
supported, to concentrate solar energy and to direct it on to 
the surface of the kettle, the water will probably take longer 
to boil but the process is more efficient bearing in mind the 
fact that solar energy is "free energy". Admittedly the 
"solar energy" approach is by no means as convenient, at 
any rate today, as the electric heater. The lesson to be learned, 
and it is an important one, is that to ensure efficiency of 
utilization of energy, sources should, wherever possible, be 
fitted to "end-uses". This is an important manifestation of 
what has been called "thermodynamic-thrift", another is the 
whole process of energy conservation. For instance, a bicycle 
is a very thermodynamically thrifty device as compared with an 


automobile.* 


We hope at this point that the term "thermodynamics" is 
not considered to be "scientific jargon". If we understand the 
Simple energy conversion processes involved in boiling a kettle 
we are well ahead. And if further erudition is needed the reader 
is referred to Flanders and Swan's epic recording - "The Drop of 
Another Hat" - he or she will not only learn about "thermodynamics" 


but also about the mysteries of "entropy"! 


There are many ways of storing energy, ranging from the 
atomic-scale storage in nucleii and the single cell, to storage, 
on a terrestial scale, of solar energy in the oceans. And, of 
course, the earth itself stores a fantastic amount of thermal 


energy (e.g. geothermal energy). From society's point of view 
ace = ee Se oo ee ER OL SME 
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It has been shown that the bicycle is the most energy efficient 
form of transportation known to man - it is four times more 
efficient than walking! 
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the purpose of storing energy, in any form, is to ensure a 
continuing supply when the primary source is cut off or for 
economic reasons. It is a particularly important requirement 


in the case of solar energy and wind energy sources of power. 


Fossil fuels have been stored in the earth's crust for 
millions of years and when extracted they can be stored in dumps 
or, in the case of liquids and gases, in storage tanks so that 
they are readily accessible for use. Mechanical energy may be 
stored in spinning flywheels, or by compressing springs, or air, 
or oil (an automobile's suspension system may be regarded as an 
energy storage system which cushions the effect of irregular 


terrains). 


The storage of electricity in small amounts is comparatively 
simple; it is carried out using "capacitors" which in their 
basic form consist of two parallel plates separated by a dielectric 
Material such as air or mica. But such a method is quite im- 
practicable for the storage of large quantities of electricity. 
However, the over-all capacity of an electric power system can 
in fact be increased by storing energy during night-time when 
the demand is low, and by using the stored energy to help with 
day-time peak conditions. The most widely used method of 
carrying out this process is known as "pumped storage". Water 
can be pumped to a suitable height and stored in a reservoir 
(or air can be pumped into a large cavern), by using large 
electric powered pumps, and the stored energy can be released 
from the reservoirs when required. The storage reservoirs at 


Niagara are excellent examples of the technique. 


The storage of electric energy may also be achieved, in 
effect, by using electric power to electrolyse water and to 
store the resulting hydrogen for future use as a gaseous fuel 
perhaps in combination with carbon (the gas methane is convenient 
for storage and for use as a fuel). It has been suggested that 
the large-scale production of hydrogen, utilizing excess electric 


generating capacity, might eventually lead to a “hydrogen economy" 


Ree: 


- most specialists in the field agree, however, that this techno- 
logy may not contribute much to Ontario's energy requirements 


during the present century. 


The storage of electricity, on a smaller scale, is attracting 
a great deal of attention. For instance, if a suitable storage 
battery were available, at reasonable cost, it is highly probable 
that electric-powered automobiles and small vans would be an 
attractive alternative to conventional road vehicles (the 
batteries of these electric vehicles would be charged during 


"off-peak" periods). 


One of the most important energy storage problems being 
studied at present is that of storing solar energy. In order 
to be a viable alternative to other space heating and water 
heating methods, solar energy must have associated with it an 
adequate means of storage probably in the form of thermal 
storage. This is necessary so that thermal energy will be 
available during the night and when there is heavy cloud cover. 
Technical details are beyond the scope of this issue paper, 


although the topic will be introduced briefly in section VI. 


1 Mids Hydraulic Generation 


For almost fifty years the generation of electricity in 
Ontario was exclusively hydroelectric - i.e. electricity 
generated by the conversion, first of the kinetic energy of 
falling water into the mechanical energy of a hydraulic turbine 
rotor, and secondly, the conversion of this mechanical energy 
into electric energy by means of an electric generator. At 
present the proportion of hydroelectric generation in the 
total electric power system of Ontario is nearly 40%, of which 
about 96% is contributed by Ontario Hydro and the remainder 


by private companies, notably the Great Lakes Power Company. 


There are some 72 hydroelectric plants operated by Ontario 


Hydro, these range in capacity from a fraction of a megawatt to 


1,200 megawatts (MW). During the past few years several small 
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generating plants have been closed down because of the high 


cost of maintenance. 


Hydroelectric plants have many advantages. For example, 
they operate with high capacity factors* which may be as high 
as 95% as compared with about 70-80% for nuclear plants, and 
roughly the same for large fossil-fueled generating stations. 
Other advantages are the low-cost of electricity generated by 
hydroelectric stations - these reflect the fact that the cost 
of fuel is virtually zero (although the province has levied 
water rentals in connection with hydroelectric stations this 
cost is not appreciable) and a large number of hydroelectric 
plants have already been amortized. The plants are highly 
reliable, highly efficient, comparatively easy to maintain and, 
if necessary, the hydraulic turbines can be used in reverse as 
hydraulic pumps which, when driven by electric motors (the 
generators are dual-purpose) can provide the necessary motive 


for "pumped storage". 


On the other hand, in Ontario, there are several factors 
which mitigate against any appreciable expansion of the hydro- 
electric component of the electric power system. These are 
considered below under the headings, site availability, environ- 


mental factors, and socio-economic factors. 


(a) Availability of sites 


A hydroelectric site requires an adequate supply of 
water (dependent on the rainfall in the "catchment" area) 
and an adequate "head" (e.g. height of a water-fall). 
There are virtually no major potential sites remaining 
in Southern Ontario, although we understand that there 
are an appreciable number of "small" sites which may, 
from environmental and economic standpoints, be potentially 
viable. On the other hand, in Northern Ontario there are 
a limited number of major sites associated with the large 
river systems. Of the latter the Albany River system has 
the greatest hydroelectric potential - it has been 


estimated, assuming a complex system of diversions, to 
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* "Capacity factor" is the term used to describe the aggregate 
availability of a generating station - if a station has a "capacity 
factor" of 95% it is available 95% of the time. 
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have a potential average generating capacity of 2000 MW. 
In addition, there is a potential of 1200 MW from other 
river systems in Northern Ontario. The issues relating to 


siting are: 


- The potential hydroelectric sites are large distances 
from the major load centres in Ontario, and there are 
obviously massive technical difficulties in the develop- 
ment of the sites because of limited transportation 
facilities. From the standpoint of geography and 
technological problems how viable is the prospect of 
the development of these sites? 


- Several economic and technical reasons have been given 
for the decommissioning of some of Ontario Hydro's 
small hydraulic stations. In view of the changing 
economic climate and the advent of new technologies 
(e.g. for automatic control and monitoring of stations), 
should an in-depth reassessment of the viability of 
these small generating stations be undertaken? 


~ If, because of financial and economic constraints, 
there is increasing interest in some decentralization 
of the electric power system and in increased private 
ownership of generating facilities, to what extent 
would such developments be desirable, and to what 
extent would recommissioning (or commissioning) of 
small hydroelectric sites contribute, if at all, to 
the overall efficiency and reliability of the province's 
electric power system? 


(b) Environmental factors 

Hydroelectric generating plants are normally considered 
to be "environmentally clean". However, there are potentially 
serious problems in this regard. Quite apart from the 
negative visual environmental impact (i.e. the aesthetic 
impact of a dam or reservoir on an otherwise beautiful 
natural area), there may be safety problems associated with 
dams. On the positive side, however, the potential for flood 
control and for irrigation should also be taken into account. 
And also, most importantly, there are ecological issues 
associated with the development and operation of hydro- 
electric plants. The Environmental Assessment Act, and its 
implementation through the Environmental Assessment Board, 


will provide the necessary regulatory machinery to ensure 
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the minimization of such environmental insults. Presumably 
such considerations as the following will be investigated: 
- The impact of hydroelectric site development on fish 


populations, especially on spawning beds, and on wild- 
life generally e.g. the migration of animals and birds. 


- The effect of flooding and the creation of river 
diversions on land use. 


- Associated with all electric power generation there 
are transmission lines - the environmental impact of 
these on wild-life, potential threats to humans, and 
threats to agriculture and forestry will be considered 
in Issue Paper #4. 
It should be noted that, because of the renewable nature 
of hydroelectric power, the cumulative stress over time of 
a specific facility on the environment will probably decrease. 


Nature has a fantastic power of adaptation in the long-term 


although the short-term effects are frequently undesirable. 
(c) Socio-economic factors 


The main virtue of hydroelectric generation is its use 
of a renewable source. But there are several penalties to 
be paid, not least the escalating capital costs of major 
hydroelectric developments especially in remote areas of 
Northern Ontario. Furthermore, there is a negative impact 
of hydroelectric development on the traditional life-styles 
of people dwelling in the affected areas. On the other hand, 
there may be potential for economic development because of 
the availability of abundant electrical energy. On the 
positive side also a large-scale hydroelectric project may 


be useful for flood-control. 


The socio-economic issues relating to hydroelectric 
power development, with special reference to Northern Ontario, 
are outlined below. It should be noted that most of these 
were raised during the Commission's meetings held in Northern 
Ontario during the last week of August 1976: 

- The capital cost of developing major hydroelectric 
facilities in Northern Ontario is appreciably greater 
than the capital cost of developing coal-fired or 
nuclear generating stations. Can such hydroelectric 


schemes be justified in these circumstances albeit 
taking into account the fact that hydro-power is a 


ee Be 


renewable resource? 


- Assuming hydroelectric developments in Northern Ontario 
are economically justifiable and viable, such develop- 
ments might have a profoundly negative affect on the 
life-styles of the native peoples of affected regions 
- in particular on such traditional pursuits as 
trapping, hunting, fishing and tribal activities because 
some native communities would be decimated. Can hydro- 
electric developments be justified in these circumstances? 


- The reliability of hydroelectric plants depends on 
adequate rainfall and freedom from drought conditions. 
During the summer and fall of 1976 many of the tributaries 
of the great rivers in Northern Ontario were substantially 
reduced and such drought conditions have a habit of re- 
curring. To what extent have federal and provincial 
government studies revealed potential water shortages, in 
for example, the water-shed of the Albany River? 


- Assuming the development of hydroelectric sites in 
Northern Ontario were to proceed, what would be the 
social impact of a large influx of, for example, several 
thousand work people and their families from Southern 
Ontario? How would the required "amenities" be regarded 
by the Indian peoples? 


- A major hydroelectric development, or series of develop- 
ments in Northern Ontario, would be an inevitable step 
towards increased economic activities in the region 
especially in the pulp and paper and the mining industries 
- is this desirable? 


~ The socio-economic issues, relating to Northern Ontario, 
apart from the financial and technological aspects, are 
essentially the concern of the peoples who dwell in these 
regions - how much weight should be given to their desires 
and how much weight should be given to those of "outsiders"? 


III. Thermal Generation 


The thermal generation of electric power involves the conversion 
of thermal energy, in the form of high-pressure super-heated steam 
(created in boilers heated by the combustion of various non-renewable 
fuels of which coal, oil, natural gas, and uranium are the most 


common), by means of turbines and generators into electric energy. 


The percentage contributions of hydroelectric, fossil-fueled, 
and nuclear-powered generation, together with electricity purchases, 


for the year 1975, and projected for the year 1980, are shown in 


ee 


the table below: 


TABLE I 


DISTRIBUTION OF PRIMARY FUELS AND ELECTRICITY PURCHASES 


USED BY ONTARIO HYDRO IN 1975 AND PROJECTIONS FOR 1980 (PERCENTAGES ) 


HYDRO RESIDUAL NATURAL ELECTRICITY 

EAR RAN 
Tee ep EOBCTREO tg ng OTL. GAS 5 ait moasPDRGBASES: 
1975 39 24 1 6 13 17 100 
1980 26 34 6 3 28 3 100 


It is noteworthy that while the percentage of hydroelectric 
generation is decreasing, that of coal-burning and nuclear power 
are both increasing. Reliance on these primary fuels (i.e. coal 
and uranium) characterizes the electric power generation picture 
in several industrialized nations including the U.S.A., the U.S.S.R., 
France, Great Britain, West Germany and Japan. The basic issue 
of whether to burn coal and uranium, or neither, during the short- 
term period up to, say, the year 2000, will probably be debated 
vigorously in several of these countries as well as during the 


debate stage of our inquiry. 


In this section we will introduce and explain the issues 
which relate to the security of fossil fuel supplies; siting 
of generating stations; associated environmental and health 
concerns; socio-economic factors; and research and development 
programmes. These issues were, for the most part, introduced 
during the Commission's Preliminary Meetings and Information 
Hearings - although fairly comprehensive they should not be 


considered as exhaustive. 


(a) Security of fuel supplies 


Although Ontario has comparatively large resources of 
uranium, which, together with the uranium deposits in 
Saskatchewan and Quebec might be sufficient for Canada's 
nuclear fuel requirements for at least 30, and possibly 
60 years, the province's indigenous fossil fuel resources 
are comparatively small. For example, Ontario has virtually 
no indigenous oil or natural gas resources and the only coal 
resource is the Onakawana lignite deposit in Northern Ontario 


with an estimated proven reserve of about 200 million tons. 
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Assuming a 1000 MW coal-burning generating plant requires 7 


million tons of lignite per year (lignite is a comparatively low 
quality fuel), the total deposit in Northern Ontario would 


supply such a station for about 28 years. 


Insofar as the supply of fossil fuels is concerned, 
therefore, Ontario is largely dependent upon imports of 
coal from the United States, at present about 7% million 
tons per year, and of oil and natural gas from Western 
Canada. However, plans have been finalized for the 
consumption of between 4.0 and 6.0 million tons of Western 


Canadian bituminous coal per year by 1980. 


The issues relating to the future supplies of fossil 
fuels appear to be: 
- With the probable increasing demand for fossil fuels, 
especially in the United States, how secure are Ontario 
Hydro's coal needs for the period 1983-93 and beyond 


assuming, say, a two or three-fold increase in require- 
ments by 1995? 


~ To what extent can reliance on Western Canadian coal 

be assured? Are present and projected coal transportation 

facilities adequate to cope with a three-fold increase 

in demand for coal? 

Note that the coal to be delivered from Western Canada 
will cost about 50% more than the cost of contract coal 
delivered from the United States - note also that Ontario 
Hydro's existing coal-fired stations were designed specifi- 
cally to burn United States' coals which differ appreciably 
in character from Western Canadian coals - a blend of U.S. 
coal and Western Canadian coal would be required for existing 
stations but future coal-fired stations could be designed to 


burn Western Canadian coal. 


“ How much reliance can be placed on the availability of 
residual oil (i.e. processed crude after removal of 
petro-chemical high quality products and other light 
Oils) for the generation of electric power in Ontario 
in the light of dwindling domestic Supplies and the 
escalating costs of off-shore crude oil? 


Although natural gas is not regarded, by Ontario Hydro, 
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as a priority fuel, to what extent could this Canadian 
resource be utilized for fueling existing and potential 
gas-fueled generators? What is the potential for dual- 
purpose gas-fueled generators? 


- To what extent can recycled municipal wastes be used 
(probably in conjunction with coal) as a fuel for 
electric power generation? How reliable is this 
"resource" likely to be? 


(b) Siting of generating stations 


Many factors are involved in the siting of large 
fossil-fueled generating stations. Apart from environmental 
and health factors and other socio-economic factors, to be 
considered subsequently, the most important siting criteria 


appear to be: 


(1) Proximity to coal transportation terminals 
(or to oil and gas pipelines) is essential. 
Note that during the winter months Great Lakes 
shipping is shut down and stockpiles must be 
provided. 


(ii) All Ontario Hydro major thermal generating 
stations are located on the shores of the Great 
Lakes. These stations require large amounts of 
cool water to condense low temperature and low 
pressure steam and the Great Lakes provide an 
excellent "sink" for the associated discharges 
of low quality thermal energy . This method of 
operation is normally referred to as "once- 
through cooling using Great Lakes Water". It is 
theoretically possible for thermal-generating 
stations to be located "inland" in which case 
the cooling system may be based on wet or dry 
cooling towers or cooling ponds. 


(iii) Coal-fueled stations should be located, bearing 
(i) and (ii) in mind, so that large quantities 
of fly ash can be handled and disposed of. 


(iv) If in the close vicinity of urban areas, the 
siting of coal-fueled stations, in particular, 
should take into account prevailing winds, 
especially in winter, and the height of station 
chimneys should be determined accordingly. 

The issues relating to the siting of fossil-fueled 

stations are essentially environmental and socio-economic 
in nature and as such will be considered later. However, 


there is a technologically-oriented concern which should 


be noted: 
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- In the siting of a new thermal generating station to 
what extent should the potential for "district-heating" 
be a central consideration? 


(c) Environmental and health factors 


The combustion of fossil fuels invariably involves 
the emission of a broad range of air pollutants of which 
the most notable are sulphur dioxide and oxides of nitrogen. 
In general, the air pollution due to burning oil and 
natural gas is appreciably less than that due to burning 
coal. In particular, the sulphur content of some coals 
makes them undesirable for electric generating purposes. 
The United States coal, mported by Ontario Hydro, has 
comparatively low sulphur content while the Western 
Canadian coals have even lower sulphur content. In 
sufficiently high concentrations sulphur dioxide can 
cause serious respiratory problems especially in elderly 
people. Furthermore, sulphur dioxide and sulphur trioxide 
(during rain showers this becomes "acid rain") can also 


cause crop damage. 


The oxides of nitrogen are not only the cause of 
photochemical smog, which was originally detected at 
Los Angeles, but they are also responsible for damage to 
certain crops. The chemical responsible for this is the 
toxic gas ozone, formed by the action of sunlight on a 
mixture of nitrogen oxides and hydrocarbons, which can 
cause respiratory distress and which has also been 
identified as the major agent which causes widespread 


damage to such crops as white beans, potatoes and tobacco. 


The combustion of coal, and to a lesser extent that 
of oil and natural gas, also gives rise to the emission 
of microscopic particles - the particulates. Under 
certain meteorological conditions both SO., and the 
particulates become trapped in stagnant air masses and 


may accumulate to dangerous levels. 
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The production of co. is also characteristic of the 
combustion of fossil fuels - the effects of CO. and the 
particulates on long-term climatological conditions is 


being investigated in university and government laboratories. 


In addition to the aforementioned air pollutants a 
range of trace elements, including lead, arsenic and some 
radioactive elements are also detectable. While much of 
the particulate matter can be removed by electrostatic 
precipitators, and the emission of SO. can be controlled 


2 
by “scrubbing the flue gases" or desulphurizing the fuel, 


these measures are by no means 100% effective and, their 


costs and energy requirements May be appreciable. 


What are the issues relating to the environmental 
and health impacts of burning fossil fuels? Those which 


were identified during the information hearings were: 


- Are adequate steps being taken, or proposed, to 
minimize the environmental and health hazards 
associated with the burning of fossil fuels? 


~ If, for financial, environmental and health reasons, 
there were to be some slowing down of the nuclear 
power programme in Ontario and if as a consequence 
there were to be increasing emphasis on coal-fired 
generating stations, would the additional air 
pollution be acceptable to the public (especially 
those in affected areas)? To the farming communities? 


- An ethical issue which could have significant 
consequences for future generations relates to CO 
levels in the earth's upper atmosphere. These 
are increasing and appear to be irreversible. 

Future increases in the quantity of coal being 
burned will inevitably increase the CO, levels at 

an even faster rate. The long-range effect on world 
climate could be a cause for concern. Is this 
environmental hazard understood? Is it an acceptable 
"risk" bearing in mind ethical considerations? (See 
also Issue Paper # 1 page 10, in which the ethical 
issues relating to nuclear power are introduced.) 


- Although peripheral to the Commission's Terms of 
Reference, any consideration of coal as a primary 
fuel for the generation of electric power should 
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include the environmental and health hazards 
associated with coal mining. To what extent should 
these factors be taken into account in weighing the 
respective advantages and disadvantages of the 
conventional and alternative methods of generating 
electric power? (Note that a similar issue, which 
was inadvertently omitted from Issue Paper # 1, 
relates to the mining of uranium - see for example, 
the report of the Ontario Royal Commission on the 
Health and Safety of Workers in Mines.) 


(ad) Socio-economic factors 


The social consequences which arise from the develop- 
ment of energy resources although often localized (e.g. 
the mining of coal and uranium, and the construction of 
large electric generating plants) also affect the whole 
fabric of society. On one hand are the beneficial uses 
to which energy is put - houses are made more comfortable, 
tedious domestic chores are reduced, manual labour in 
industry is minimized, the mobility of the population is 
considerably increased, etc. But, on the other hand, we 
have noted the negative consequences of increasing energy 
consumption. A key issue, which might have been included 
in Issue Paper # 2, can be summed up in the question: 
Is there any indication that the rise in energy consumption, 
of all forms, has been matched by a corresponding increase 


in human well-being? 


Although the capital cost, per kilowatt, of coal- 
fired generation stations is less than that of nuclear 
and hydroelectric power stations of equivalent size, 
fossil-fueled generating stations are more costly to 
operate and there is an increasing likelihood of further 
increases in fuel costs. Furthermore, the capital and 
operating costs of coal mining, and its energy intensive 
nature, Should also be borne in mind. Reference has 
already been made to the transportation problems associated 


with coal-burning generating stations - here again costs 


may increase. 
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The following socio-economic issues are additional to 
those which have already been identified in Issue Paper 
# 2 - others, especially those relating to financial matters, 


will be introduced in a subsequent issue paper: 


- Taking into account the relevant economic, financial, 
and environmental factors how can the social costs 
and benefits of alternative methods of generating 
electric power be evaluated? Using what criteria? 
How might these be weighted? 


- In the cases of new thermal generating stations how 
should the conflicting interests of agriculture, 
recreational potential and electric power production, 
insofar as the siting of stations is concerned, be 
resolved? 


- The contruction and operation of large thermal 
generating stations (also hydroelectric stations) 
have an impact on neighbouring communities in many 
ways. These are described in Ontario Hydro's Memo- 
randam on "Socio-Economic Factors" page 4.2-1. 
Community impact studies are being undertaken in 
connection with these impacts - are these considered 
to be adequate? Is the local community adequately 
represented in decisions relating to the social and 
economic changes resulting from the construction and 
operation of generating facilities? 


- It has been claimed that large-scale construction 
projects such as thermal generating stations can put 
new economic life into a community. However, the 
counter-argument has been raised to the effect that 
in the long-term there may even be an increase in 
unemployment in the area after the completion of the 
project. What evidence is available to support each 
of these arguments? 


(e) Research and development 


There are many comprehensive research and development 
programmes being undertaken on a global basis in connection 
with the thermal generation of electric power because of 
the unique position it occupies as an energy resource. It 
is not surprising, therefore, that R & D programmes, 
especially in the United States, concerned with the com- 
bustion and utilization of coal are being expanded. For 


example, the fact that coal is a comparatively dirty and 
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inconvenient fuel to use is spurring the development of 
processes to convert coal into synthetic natural gas and 
liquid fuels. These may be significant in the generation 
of electric power by the end of the century. The major 
problem at present appears to be the high cost of produc= 


ing synthetic fuels. 


Research in the combustion process itself, with 
special reference to the separation out of air pollutants, 
is extremely important. Although the process known as 
fluidized bed combustion has been well known for many 
years its implementation on a commercial scale has been 
slow in North America, compared, for example, with some 
European countries. In this process the sulphur is 


retained in the "bed" as solid waste. 


There has been increasing interest during the past 
few years in the utilization of municipal wastes as a 
fuel - the "watts from waste" concept. The idea is to 
generate electric power by burning municipal wastes usually 
in combination with coal. Ontario Hydro is particivating 
in such a development, and a demonstration unit is being 
installed at the Lakeview Generating Station. The unit 
will be operational within the next 12 months (its capacity 
is about 100,000 tons of refuse fuel per year). The major 
problems relate respectively, .o the separation of combustible 
materials, and to the design of furnaces and boilers to 
withstand higher levels of corrosion than are normally 


experienced. Note that the process can be thought of as 


"recycling waste". 


There are several comprehensive Yesearch programmes 
being undertaken in Canada in connection with the ecological 
impact of air and water pollution arising from the thermal 
generation of electric power, as well as the associated 
health problems. Furthermore, studies of the dispersion 


of air pollutants and the complex processes which lead to 
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the formation, for example, of ozone are also being under- 


taken. 


However, the major issue relating to research and 
development in thermal generation appears to be that of 
funding. The R & D programmes in hand at present will 
probably lead to more effective utilization of fossil 
fuels in future years - is adequate attention being given 


to this aspect of long-term electric power planning? 


Lv. Multi-Purpose Plants 


It was mentioned in Issue Paper # 2 that higher efficiency 
of utilization of primary energy may be achievable by designing 
multi-purpose plants. Although such plants have been in operation 
for many years and might therefore be considered as "conventional 
generation technology", they also fit into the alternate technology 
category because, on a comparative basis, they are not used widely 
in Ontario at present. Best known among the various options are 
plants for the co-generation of electricity and process steam and 
of electricity and hot water. From the standpoint of energy 
conservation these systems probably have an important role to 
play - more useful energy can be obtained from the same amount 
of fuel. Several industries in Ontario are using this principle 
notably the pulp and paper, and the chemical industries. But in 
Sweden, for example, the concept is being implemented much more 
widely and the combination of electric generation and thermal 
energy generation for district heating is particularly important. 
(District heating may be simply defined as the provision of heat 
from central sources for heating houses, apartments, industrial 
and commercial buildings within prescribed geographical limits 


which are determined largely by the power of the central station.) 


Several issues relating to multi-purpose plants have been 
brought to the Commission's attention. They are concerned with 
first, the possibilities of industrial self-generation, secondly, 
the potential in Ontario of district heating schemes and thirdly, 


the use of solid waste as a fuel for thermal generation (see also 
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the previous section) : 


- Recognizing that the existing methods for thermal 
generation of electric power are inefficient largely 
because the “lost thermal energy" is not being 
utilized, to what extent are dual-purpose plants, 
with much higher thermodynamic efficiencies, viable 
in industry? Do reliable markets exist for such 
schemes? - For example, could any excess thermal 
energy and electric power be sold to industrial and 
domestic customers? What improvement in efficiency 
could be realized in such circumstances? How many 
industries and of what type would benefit from co- 
generation schemes? 


= If the electric power system were to become more 
decentralized, under what terms should energy 
exchanges occur with Ontario Hydro? If industrial 
self-generation were to become more widespread would 
future bulk power transmission requirements decrease? 
What would be the impact on reliability of such 
systems? 


It has been suggested that Ontario Hydro might play 

an important role in future “industrial self-generation 
schemes". For example, would it be desirable for 
Ontario Hydro to install and operate such systems in 
industry and/or obtain the necessary fuels under long- 
term contractual agreements? It has also been suggested 
that the combined cycle gas turbine generator may offer 


unique advantages in a "total energy system". What 
are the capital implications to the province of such 
arrangements? 


- How viable would district heating schemes, which exist, 
for example, in Sweden, be in Ontario? It should be 
borne in mind that dist: .:t heating necessitates high 
capital costs and frequently large "front-end costs". 


What institutional and regulatory problems exist with 
respect to the responsibility for district heating in 
Ontario and what potential role, if any, would Ontario 
Hydro play? 


Desirable sites for district heating systems are 

usually adjacent to urban areas, e.g. new subdivisions, 
what are the environmental and socio-economic implications? 
What back-up systems might be required during very cold 
Ontario winters (such as the present winter)? 


To what extent do potential solar heating and district 
heating systems conflict insofar as they appear to serve 
the same market? This appears to be an issue of central 
Significance and extensive studies which take into account 
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financial, economic, environmental and socio-economic 
aspects should be taken into account. 


- Quite apart from the potential utilization of municipal 
waste as a fuel for the generation of electricity, 
other waste materials have high potential in this regard. 
An example, also introduced in Issue Paper # 2, is the 
utilization of bark, wood waste and various liquors in 
the pulp and paper industry as fuels for the co-genera- 
tion of electricity and process steam or hot water. 
What is the viability of such waste utilization schemes? 


Vv. Solar Energy 


Historically, renewable energy resources, particularly 
wood and hydro-power, have played a highly significant role in 
Ontario's development. Wood has been used for residential 
heating, windmills have been used on farms for pumping water, 
hydroelectric power has supplied substantial amounts of electrical 
energy in Ontario. More recently, these renewable energy resources 
have had to be supplemented on an ever-increasing scale, by the 
fossil fuels and more recently by nuclear energy. However, the 
marked increase in the cost of electric power generation using 
conventional and nuclear fuels, together with the prospect of 
future shortages as well as environmental concerns have given 
rise to a resurgence of interest in alternative, renewable energy 
technologies of which the most significant appear to be solar 
energy (to produce thermal energy and electricity), wind energy 
(to produce electric power) and biomass conversion (to produce 
gaseous and liquid fuels as well as electricity). We devote 


this section exclusively to solar energy. 


To date solar energy has not apparently been exploited 
extensively, except for special-purpose applications such as 
the heating of green-houses and the low-level heating of homes, 
factories, etc. for three major reasons: 

- Although solar energy is extremely abundant, its 


density is low and in consequence its collection and 
conversion are costly. 


= The density of solar energy at any place on earth 
is variable (e.g. the day-night cycle and the effect 
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of cloud conditions). This necessitates energy 
storage capabilities of various capacities. 


= Until comparatively recently research and development 
in solar energy, its collection, conversion, storage 
and utilization, have been poorly financed and govern- 
ment support has been minimal. 
In outlining the major issues relating to solar energy it 
is convenient to distinguish between solar heating (i.e. of 
space and water) and the conversion of solar energy into electric 
energy. Although solar heating does not contribute directly to 


electric power generation its indirect contributions in this 


regard could be significant in the future. 
(a) Space heating 


The potential of solar energy for space heating has 
captured widespread public attention largely because it is 
a renewable resource, it suggests a degree of decentral- 
ization with associated individual control, and it appeals 
to the public especially during a period of escalating 
costs of conventional energy. The concept of solar space 
and water heating is not new. What is new is the practical 


demonstration of these technologies. The purpose of these 


is to test the economic and technica] viability of solar 
energy systems and to provide some of the answers to the 


following questions: 


- What classes of space (2:7 water heating) are best 
Sulted to solar energy e.g. Single-family homes; 
multiple family dwellings; town-houses, schools; 
commercial warehouses, etc.? How viable is the 


retrofitting of solar energy systems in older homes 
and structures? 


Present indications are that space heating (and 

water heating) is more economical for use with 
multi-family dwellings than for Single family homes; 

to what extent should this factor influence Builnone 
codes and patterns in the future? Quite apart from 

the use of special collectors and special installations 
Should there be increasing emphasis on the design of 
living and working spaces so that an optimum level of 
solar energy is captured during the winter months and 
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rejected during the summer months? Should improved 
insulation standards and, for example, triple glazing 
be mandatory for new buildings? 


- There are many technical problems relating to the 
design of solar energy heating systems, such as 
the design of collectors, heat exchangers, thermal 
energy storage systems, etc. How can manufacturing 
industry be encouraged to manufacture solar energy 
systems? What about the role of universities and 
colleges in educating and training necessary man- 
power? Lead times necessary for the production of 
solar energy systems on a reasonable scale (say, 
the equipping of ten percent of all new homes and 
suitable commercial buildings) might be as long as 
15 years - can anything be done to shorten this 
period? 

- Electric power and energy pricing policies and 
structures could have an important influence on the 
potential of solar energy and on how quickly it 
becomes a viable alternative energy resource. To 
what extent should revised electricity pricing 
policies and structures take into account the need 
to stimulate the solar energy option? 


- What about back-up for solar energy systems equipped, 
for example, with short-term storage? Reliance on 
electric power during a period when a yearly maximum 
peak demand occurs would not relieve the pressures 
on capital requirements for major generating facilities, 
what about other forms of back-up such as oil and gas? 


(b) Direct conversion to electric energy 


It has been well known for more than 100 years that 
light can generate electricity - the photocell, which 
has very many uses, is the most familiar example. But 
the efficiency of photocells is extremely low and their 
use in order to generate electricity on a massive scale 
is impracticable. However, with the dramatic develop- 
ments in semi-conductor devices (which include transistors), 
and in particular the development of solar cells (usually 
called photovoltaic cells), in connection with the space 
programme, the photovoltaic cell is assuming greater 
significance as a potential generator of electricity on 
a large scale. The theory of photovoltaic cells is far 


beyond the scope of this issue paper - an excellent account 
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is given in "Scientific American", October 1976, pp. 34-43. 
The major obstacle, at present, to the large-scale develop- 
ment of photovoltaic cells for electric power generation, 
on a reasonable scale (say 100 kilowatts upwards) is 

that on a "per kilowatt" basis the capital cost is almost 


twenty times greater than nuclear power. 


An important characteristic of photovoltaic cell 
technology is that is lends itself to modular construction 
and hence to economy of scale in the production process - 
this does not apply to the development of large thermal 
generating stations. In other words the technology could 
give rise to some decentralization of the electric power 
system, albeit on a comparatively small scale e.g. supplying 
electricity for a supermarket or for a commercial centre, 
and in this respect it is similar to solar heating. The 


Major issues are: 


- What kind and level of storage would be involved in 
such systems and what "back-up" would be necessary? 


- Assuming, by the end of the century, that there is 
some degree of decentralization of the electric 
power system predicated in part on solar energy, what 
are the cost implications? 


- What about the lifestyle implications of an increas- 
ing measure of decentralization? Would this lead to 


a greater appreciation -. the need for energy conser- 
vation? 


(c) Future prospects 


During the past few years there has been a marked 
increase in the funding of solar energy research and 
development and this appears likely to continue. It is 
particularly noteworthy in the United States where a 
several-fold increase in funding has been experienced 
during the past three years. In Canada, in general, 
and in Ontario in particular, the funding, on a per 


capita basis, has been at an appreciably lower level. 


- In view of the future potential of solar energy for 
space and water heating and its increasing potential 
for electric power generation, albeit initially on a 
very small scale, should the government of Ontario 
and especially Ontario Hydro initiate a major research 
and development programme in solar energy? 


VI. Other Sources and Technologies 


Many potential sources of primary energy for the generation 
of electric power have been suggested on a global basis. In 
addition to those which have already been introduced in this 
issue paper and in Issue Paper # 1 we have noted the following 
- wind power, tidal power, wave power, biomass power, thermal 
gradient power in the oceans, fuel cells, and there art probably 
several others. Several of these are, of course, derived directly 
from solar energy, e.g. wind power, wave-power, biomass, thermal 
gradients, etc. Those which may be relevant to Ontario's future 


electric power system might be wind power and biomass power. 


However, there are several other possibilities, either 
available or in various stages of development, which could be 
significant in Ontario's future electric power spstea These 
include the use of heat pumps and, probably on a longer time- 
scale, which may extend beyond the end of this century, nuclear 
fusion power and magneto-hydrodynamics. Brief notes on these 


possibilities follow: 


(a) Heat pumps 


The principle of the heat pump has been known for 
Many years. In effect, a heat pump operates on the same 
general principle as the domestic refrigerator. Buring 
the summer months, for example, a heat pump can operate 


as an air-conditioner. 


During the winter months a heat pump extracts heat 
from a large space (this is always low quality thermal 
energy) and injects the thermal energy into the space to 


be heated. If the ambient temperature is in the range of 


* Z P : 
In this paper we have not introduced the issue of the importation 
(or exportation) of electric power from (or to) neighbouring utilities 
- a subsequent issue paper (probably #7) will introduce this question. 
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about -4°C to about 16°c, commercially available heat pumps 
can improve the efficiency of an electric power supply by 
at least 50%. However, a heat pump, particularly suitable 
for winter conditions in Ontario, could be designed which 
would operate with appreciably lower ambient temperatures 
and provide acceptable "gains" in efficiency. Obviously, 
capital is required to purchase and install heat-pumps but 
on a long term basis (say 5-10 years), because of savings 
in electric energy utilization, the system would be 
economically viable. To what extent should Ontario Hydro 
encourage developments in heat-pumps and especially develop- 
ments leading to lower cost systems? - Ontario Hydro is 

in fact, undertaking basic research in the design of heat 
pumps. 

(b) Biomass energy 
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Man's traditional fuels, apart from wind energy and 
other forms of solar energy, have been produced, directly 
or indirectly, by photosynthesis. The most important 
example is, of course, the burning of wood. It is not 
surprising, therefore, that there has recently been a 
resurgence of interest in biomass energy i.e. the gener- 
ation of fuels by growing, harvesting and burning plants 


and trees. 


Because of the inconveri -nce of storing wood on a 
massive scale and even the waste products of the pulp and 
paper industry (although these will be used increasingly 


to generate thermal energy), recent developments in the 


‘utilization of biomass are concerned with the conversion 


of the raw material into highly refined products. It 

has been pointed out, for example, that wood can be 
converted into various forms of alcohol, notably methanol, 
which are excellent liquid fuels. Furthermore, municipal 
waste can be converted to a fuel gas which contains 


hydrogen and carbon monoxide, and which can substitute for 


natural gas, or alternatively it may be converted to methanol 
which has been used effectively as a gasoline additive. There 
is clearly a considerable range of possibilities. To what 
extent should the Ontario Government and Ontario Hydro be 
undertaking research and development into the potential of 


biomass energy in electric power generation? 


(c) Wind power 


During the hearings there were many references to the 
potential of wind energy generators for the generation of 
electricity. During the past year the Commission has 
received information from the National Research Council, 
from a Canadian-based firm engaged in the production of 
wind generators, from the Commission's Symposia - a paper 
was devoted to wind energy and from several participants 
during the Public Information Hearings. This information 


is available in the Commission's Information Centre. 


At present the consensus appears to be that, with the 
possible exception of certain locations in Northern Ontario, 
the scope for wind energy in Ontario is not particularly 
appropriate because the average wind velocities in most 
locations are below those regarded as marginal for the 
extensive use of this source of energy. Nevertheless, 
research and development programmes are being continued 
and the Commission is in close touch with developments. 
Should Ontario Hydro undertake research or sponsor research 


in wind energy and its potential in electric power production? 


(d) Fusion power 


During most of its lifetime of a few billion years, a 
star, including the sun, will generate heat at its centre 
by converting hydrogen into helium. The process of the 
fusing together of the nucleii of light elements, especially 
hydrogen, and the concomitant release of energy because of 
a minute loss of mass is referred to as nuclear fusion energy. 


Large-scale research programmes in the fusion energy field 
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are being undertaken in many countries notably the United 
States and the Soviet Union, and the fusion process has 
been demonstrated in several laboratories, albeit on a 


microscopic scale both in time and space. 


The engineering problems involved (the scientific 
basis for the process is now understood) are very complex 
especially insofar as the development of suitable materials 
is concerned. This is not surprising when it is realized 
that maintenance of the nuclear fusion reaction involves 
plasma temperatures in the order of 50-100,000,000°C. A 
discussion of this highly sophisticated, but nevertheless 
extremely significant development, is far beyond the scope 
of this issue paper. On the other hand, since fusion energy 
and solar energy may become, during the 2lst century, the basis 
of all energy production on earth, and because of the potential 
"environmental purity" of both fusion and solar power, an 
awareness, by the public, of the availability of these tech- 
niques is important. To what extent should research and 
development in fusion energy be undertaken or supported by 


Ontario Hydro? 


(e) Magneto-hydrodynamics 


The search for.a method of converting directly the 
thermal energy of combustion of fossil fuels and nuclear 
fuels into electrical energy .:.as been actively undertaken 
for many years. The major objective is to eliminate the 
Massive energy losses which are associated with the con- 
ventional use of the so-called "steam cycle" in which steam 
turbines are the central component. For reasons given in 
section I the inherent energy losses in the conventional 
process may amount to 60%, or even more, of the potential 


energy of the primary fuels. 


One method of attacking this problem is the so-called 
magneto-hydrodynamic technique through which some of the 


kinetic energy in a high velocity stream of hot gas (e.g. 
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as generated in an aircraft jet engine), is converted 
directly into electric energy - the thermal energy in the 
gas may subsequently be converted into electricity by 
conventional means. Commercial implementation of the 
technique is already well advanced in the Soviet Union 
where generating stations of powers up to 100 MW have been 


operated successfully. 


It has been demonstrated, theoretically, by one Ontario 
professional engineer, with high qualifications in this 
field, that, combined with an adequate level of nuclear 
power production, and together with the "hydrogen technology" 
referred to previously, magneto-hydrodynamic systems might 
play a significant role in the future in Ontario's electric 
power system. Apparently the most significant remaining 
problems relate to the development of materials which will 
withstand the very high temperatures and the corrosive 
effects of the high velocity gas jet streams. In view of 
the appreciably higher thermodynamic efficiency achievable 
by using magne to-hydrodynamic techniques, and the long-term 
potential of those methods, would it be justifiable for 


Ontario Hydro to sponsor research in this field? 


Postscript 


The above alternative energy sources were brought to the 
attention of the Commission during the preliminary meetings and 
the information hearings. In the case of nuclear fusion energy 
an independent study, the results of which will be available 
shortly, has been commissioned. The intention is to obtain an 
assessment of the present "State of the art". In the cases of 
the other alternatives, as mentioned previously, a considerable 
amount of information is available in the Commission's Infor- 


mation Centre. 
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APPENDICES 


Appendices A, B, and C provide a sample of the comments 
relating to the Conventional and Alternate Generation 
Technologies which were made during the preliminary public 
meetings and the public information hearings, together with 
references to the subject in the research and background 
papers prepared for the Commission. Appendix D gives firstly, 
some data concerning the 1976 generating facilities of Ontario 
and secondly, some data on fuel requirements including “energy 
equivalents" (e.g., how much coal, or oil, or uranium is 


required to produce one unit of electricity, etc.). 


More detailed information on Conventional and Alternate 
Generation Technologies is contained in the transcripts, 
memoranda for public viewing in the Commission's Information 
Centre, 14 Carlton St., Toronto, Ontario, M5B 1K5 and in the 
Regional Depositories located in the Main Libraries in Thunder 
Bay, Sudbury, London and Ottawa. The research documents are 


only available at the Commission's Information Centre in Toronto. 
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APPENDIX A 


REFERENCES TO CONVENTIONAL AND ALTERNATE 
POWER GENERATION TECHNOLOGY 
AT THE PRELIMINARY HEARING 


Le HYDRAULIC 


"I wish to propose to resurrect an interest 
in small hydro-electric power generation stations 
in the 5-100 MW capacity ranges throughout the 
‘ provinces to embark on a systematic construction 
program to harness all remaining undeveloped sites." S 61 


"The time for damming rivers, spoiling our environ- 
ment and wasting our energy should belong to the 
past and more imaginative ways pioneered." S183 


"Hydro-electric power should be exploited. This 

form of power is not going to pollute the land 

other than the aesthetic value will be diminished 

by the transmission lines. There will be minimal 

water pollution as well as no air pollution. " S340 


ii. THERMAL 


"Oil, natural gas and coal are fast running out as a 
cheap energy source." Ss 4 


"Nevertheless, the resources are finite, and 
eventually be depleted. That is why the oil 
companies are given depletion allowances." Ss 


"How important in the analysis is the fact that a 
large part of Ontario's electricity is generated 
from coal imported from the United States?” S100 


“Require Ontario Hydro to discontinue burning over 
49 billion cubic feet of natural gas each year to 
recover only 30% of its energy when home space and 
hot water heaters could recover 70%-" $161 


"Generating plants using fossil fuels should be 

equipped with stacks containing scrubbers and the 

most up to date pollution abatement equipment. The 

abatement programme must be up-dated as techniques 

are advanced.” $181 
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[ites THERMAL (Cont'd) 


't an 800 MW fossil plant near Quetico Park, every 

day 220 tons of sulphur dioxide will be emptied 

along with 2-1/2 lbs. of mercury -- spread wherever 

the air carries Bie. S174 


"Ontario Hydro has followed stringent practices in 

the past in controlling some pollutants, 

particularly particulates. The same degree of 

concern should also be shown for sulphur dioxide, 

oxides of nitrogen, radioactive wastes, and heat 

discharge. Specific economic incentives should 

be established to encourage the development of 

abatement technology such as imputed prices for 

pollutants that are discharged. Otherwise the 

growth of pollutant emission will be intolerable." s 58 


"A natural gas system seems the least destructive 
of the systems presently used in Ontario to produce 
electricity. S180 


"The association suggests the failure to control 

fuel costs, an item which accounts for the bulk 

rate increase in 1976, is the result of long-range 

planning at Ontario Hydro. Agreeably, it is also 

the result of the lack of incentive to control 

fue Costs: S105 


"How long will American coal be available and at 
what Price?" S182 


III. MULTI-PURPOSE PLANTS 


"It will soon become even mo:.. imperative in the 
future to improve on the utiiization of resources 
and to reduce the potential for thermal pollution 
from electric power plants. Combined-purpose 
thermal power plants are an effective means of 
accomplishing these goals." Ss 99 


“What are the monetary, social and energy costs and 
benefits of centralized versus decentralized power 
production to the people of Ontario >?" S89 


"We recommend that electric utilities should be 
made responsible whenever possible for the optimum 
use of fuel by the combined production of electricity 
and heat and that governments establish mechanisms to 
ensure that this objective can be accomplished." S90 


APPENDIX A Con't 


III. MULTI-PURPOSE PLANTS (Cont'd) 


"I would recommend to the Commission that they study 
the contribution which combined heat and power 
plants could make to overall energy conservation. I 
would further recommend that consideration be given 
to changing the terms of reference for Ontario Hydro 
so that they are responsible for providing total 
energy (i.e., space heating and electric power), to 
consumers at the lowest possible cost." S 66 


rv. SOLAR 


"How serious and committed has the search to date of 
alternative power sources been?" S 60 


"Research is needed into alternate sources." Sob 


"Ontario Hydro should be actively involved in develop- 
ment of a solar energy system supplying the equipment 
on a purchase or lease basis to homeowners and apart- 
ment building owners." Sia 


"Consider using solar and/or wind power for individual 

or small groupings of residential, commercial or 

industrial developments as an alternative to large 

generating plants and long transmission lines." $195 


“The pollution from fossil fuels is killing and 

disabling people, and the permanent legacy of 

environmental destruction is occurring from coal 

mining. The Hvdro-electric projects inalterably 

destroy our fisheries, wildlife, agricultural land, 

scenic resources and human cultures, and thus 

eliminate future generations right to use the land 
differently." S 33 


"While we would support the expenditure of reasonable 

sums on research and development of new generation 
technologies employing such sources as solar, geo- 

thermal, wind, etc., we do not see these as being a 

practical alternative to the present sources until 

after the turn of the century." S208 
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V. OTHER SOURCES 


"Close proximity to Manitoba ought to suggest co- 
operation in electric power developments, including 
joint financing, and east-west power transfer." Slaiw. 


"Significant economics may be achieved from planned 
power pooling between the provinces of Canada." $103 


"The development of our CANHO-MHD Electricity Storage 

System and its subsequent installation in multiple 

units into the Ontario Hydro Generating System during 

the 1983-1993 expansion period, would make a major 

reduction in the cost of generating electricity within’ 

the Province of Ontario." Sou 


"Fusion provides the possibility of a total and 
permanent energy solution." S380 


"The use of fuel cells implies a decentralization and 
dispersion of the sources of electrical energy which 

must be co-ordinated with the need to maintain large 

efficient centres of generation and effective systems 

for transmission and distribution." S209 
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REFERENCES TO CONVENTIONAL AND ALTERNATE 


POWER GENERATION TECHNOLOGY 


MADE DURING THE PUBLIC INFORMATION HEARINGS 


HYDRAULIC GENERATION 


energy supplied by 
hydraulic development 
- inform public early on generation 
sites - CCO 
Hydraulic Generation and Transmission 
Division - role of 
small stations closed - why? 
undeveloped sites 
- Albany River possibilities 
- 15 potential sites - Smith 
- northern rivers 
hydraulic site development 
- social effects 
hydraulic sites (small) 
- private development of 
hydraulic generation 
- Albany River project 
- more expensive than James 
Bay - Teekman 
- hydraulic sites 
- James Bay's cost $2000/kw- Rosehart 
lead times , 
- Albany River 
- Delphi Point, of 
export-of-water-Ogoki & Temagami River 


Grand Council Treaty #9 


presentation by Harry Achneepineskum 
small hydraulic sites 
- be developed by private industry 
- herbicides and sprays 
- hydraulic sites 

- not feasible 

- objectives 

- hydraulic sites 


Transcript 
Vol. No. 


Page 


316 


8477-8482 


6690- 
421-423 
3L6~319 

4021-4023 

8479 

3884- 
853-856 
854-855 


11854-11856 
6518- 
6518- 


6527 
6518- 
6528 


6531-6533 
6478-6479 
4019- 


7417-7443 


11428-11435 
11518-11519 


11507- 
11488-11492 


11467-11469 
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II. THERMAL GENERATION 


a) 


Coal 


Fossil Technology - see also Generation 


FUEL SUPPLY 


Association of Canada 
Canadian coal 


- can we afford western coal prices? - 


Bahen 
coal demand 
coal deposits 
- Canada 
- Ontario 
coal imports 
- balance of payments 
coal industry 
= Capital Lor 
- unit trains 
- misconceptions about 
coal mining 


- environmental problems with 


- is it labour intensive? 
- occupational hazards 
coal transportation 


- coal slurry pipeline 

- by sea? 

- synthetic conversion for 
- unit trains 

coal use 

- in Ontario 

government taxation policy 
highlights 

= Page 

organization and objectives 
research and development 
sulphur dioxide removal 

= scrubber technology 
synthetic conversion of coal 


Technical 


coal gasification 
fluidized bed combustion 
limestone bed concept 
western coal problems 
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Transcript 
Vol. No. Page 
Fuels - see also Fuels Supply 
- garbage as fuel 4 502-508 
27 3599-3605 
28 3627-3632 
- substitution possibilities 9 1169-1294 
10 1200-1210 
- comparison with gas 10 1317-1321 
- gas not to be used for boilers - 
Wright 9 1li22 
- highlights by Higgins 9 1174-1194 
- vegetation as fuel 31 4009-4015 
36 4545-4548 
- primary energy sources - Wright 9 1118- 
Fuels Supply 
- coal gasification and liquification 36 4544 
36 4582-4587 
- environmental considerations - Torrie 36 4524-4528 
37 4621-4627 
- flexibility considerations - Torrie a7 4619-4627 
- fuel costs 
- mining and exploration considerations 36 4539- 
36 4551-4561 
- trends 36 4563-4570 
- fuel requirements for O.H. 36 4489-4499 
- gas is primarily for air quality 36 4493 
- oil is primarily for flexibility 36 4493 
- O.H. can find fuel for its require- 
ments 36 4500-4500 
- O.H. not relying on new discoveries 36 4597-4598 
- change in load forecast and generation 
plan, effect of 36 4601-4611 
- fuel sources 36 4500 
- coal and coal contracts 36 4504-4515 
36 4519- 
- Bisset 27 4628- 
- pricing 36 4512-4515 
- very low sulphur coal for 
Hearn G.S. 36 4598-4601 
- U.S. law gives special 
consideration to Canada and 
Mexico 37 4659- 
- Onakawana deposits & studies 37 4613-4619 
- western coal availability 36 4519-4521 
37 4654-4657 
37 4672- 
37 4683- 
63 7903-7909 


Ministry of Energy 63 7900-7909 
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Transcript 
Vol. No: Page 
- oil & natural gas 36 4515-4524 
- reserve estimates and O.H.'s 
reliance upon residual oil 36 4571-4582 
36 4587-4595 
- fuels supply program 
- factors in, 36 4497-4499 
- O.H. can find fuel for its require- 
ment - Shelson 36 4500-4503 
36 4562- 
- highlights 
- Hunter 36 4528 
- Matthew 36 4488-4499 
- Shelson 36 4500-4528 
- security considerations 34 4641-4651 
- western coal availability 37 4654-4657 
Cw 4672- 
- U.S. law gives special consideration 
to Canada & Mexico aM) 4659- 
- sulphur contents & competition for 
coal oY) 4664-4669 
- natural gas for Hearn G.S. Sw! 4677-4680 
- transportation 36 4506-4513 
36 4528- 
- massive program needed to move 
western coal 36 4506- 
- Thunder Bay terminal 36 4509 
- nuclear fuel 36 4528-4529 
- slurry pipelines 36 4531-4536 


= -O7;H does noterely on tederal 
gov't studies without further 


exploration 36 4595-4596 
- O.H. not relying on new 
discoveries 36 4597-4598 
- security considerations Si 4641-4651 
SEHeatn Gio. CONntracteawren 
Consumers Gas 37 3677-4689 
- Onakawana lignite 36 4539 
- Oil & natural gas 36 4562-4563 


Ministry of Energy 


- energy supply and demand 63 7885-7926 
64 8009 
- Canadian demand 63 7893- 
= *erude oil 63 7885-7893 
63 7898 
- bunker C always available 
tor O28. 64 8009-8010 
- syncrude 65 8049- 
- coal 63 7900-7909 


- Alberta coal 63 7903-7909 


- Thunder Bay terminal 

- natural gas 
- how is supply estimated? 
- Polar Gas project 


- studies 
- non-conventional resources 


- studies by the Ministry 
energy projects 
- investment in 


Other References 


Oil and gas reserves-estimates 
coal piles & transshipments 
fuel sources 
- comparative costs of 
gas shortages 
- are they imminent? 
heating efficiencies of fuels 
=" costs 
- gas-fired generation 
- switching from gas to electricity 
& vice versa 
projections 
- price 
- supply 
- coal gasification 


- frontier gas 
utilization of gas 
- how to handle peaks 
- uses other than burning 
future energy supplies 
- in Canada 


Garbage as Fuel - O'Donahue 


- Toronto's Watts from Waste 
- cost, capacity 

- similar systems 

- environmental affects 

- discussion 
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7894-7900 
8015-8020 
7899 
7918-7926 
8045 
7913- 
7943-7961 
8087-8095 


7794-7799 
7814-7815 


4026-4029 
3580-3586 


8712-8715 


8730-8733 
8703-8705 
8709-8715 
8709-8710 


8703-8705 


8694- 
8692-8700 
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8728-8730 
8733-8734 


11044-11050 


9715-9738 
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Transcript 
Vol. NO. 3eagen 
b) SITING 
Land Banking 
- banking is desirable - Smith 50 6308-6309 
- banking for future - Anderson 50 6291 
- load time would reduce, if banking is 
successful - Anderson 50 6254 
- McKeough's statement 39 4893- 
- project need, for Sy 7057- 
- sites acquisitions and banking 50 6227-6315 
- difficulties & costs associated with 50 6236-6315 
- lead times reduced if banking successful 50 6254- 
- McKeough's statement 39 4893- 
- banking is key part for future - 
- are shorter for smaller units - Anderson 50 6285 
50 6290 
50 6236-6258 
- would reduce if banking is successful - 
Anderson 50 6254 
Other References 
- energy centres 92 11472-11475 
- energy use (wastes) 
- packaging industry a2 11475-11480 
- Sierra Club 
- incorporate environmental costs with 
land use planning 67 8454-8458 
- North Channel GS 90 11279- 
- planning process 28 3643-3668 
- agriculture & wildlife considerations 28 3660- 
= industrial parks ., 28 3657-3660 
- thermal discharges 92 11500-11502 
- recreational value 
c) ENVIRONMENTAL AND HEALTH FACTORS 
Air Pollution 
- coal piles and transshipments - 
Ministry of the Environment 27 3580-3586 
- ECC report - Shenfeld/McTaggart - Cowan 26 3378-3380 
- effects 7 809-846 
human health - Ministry of the Environment 26 3441-3447 
856-860 
- arsenic levels 7 818-834 
- oxides of nitrogen 1) 826 
| )°20ne i 826-828 
i 836-838 
- sulphur dioxide 7 812-818 
fi 856-860 


environmental regulation 
- Keith G.S., failure to meet with 
- oxides of nitrogen 


flare stack - BHWP 
hydrogen sulphide 
long range transport problems 
metal emissions 
- generating stations are not major 
source of 
oxides of nitrogen 
- causes other than Hydro's generation 
- controls 
- are difficult - Shenfeld 
- Environment Canada 
- used by Hydro 
- environmental regulations 


- effect on efficiency 

- measurements 

- precursor of secondary photochemical 
pollutants, as 

- refuse fuels, effect on 

- research & surveys 

ozone 

- Chattanooga study 

- damage to crops 
- effects of 


- production causes 
- not transmission lines - 
Shenfeld 
pollution index - definition etc. 
relevant factors - Morison 
sulphur dioxide 
- control 


- effects and sources 
- fall out 
- removal 
- program not necessary - Morison 
- organization and employment 


- pollution control equipment 
- electricity used for 


- recommendations 
- fall out 
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Other Emissions 


lila) Golo AB byes Kes el ate 


effects of 


pollution index - definition & 


explanation by Effer 


studies 


air pollution 


hydrological 
water quality 


atmospheric dispersions 


sulphur dioxide emissions 


chemical releases 


Environment Canada 


types 
reduction efforts by Hydro 


hydrological studies 
effect on the climate 


cooling phenomenon 
carbon dioxide problem 


fly-ash disposal 


cinder process 


pozzolan 


regulations & guidelines 
standards - Ministry of Health 
water quality 


emissions affecting 
objectives of Govt. & Ontario Hydro 
studies 


Ministry of the Environment 
air pollution 


Inco smoke stack improved 
air-quality - Shenfeld 

oxides of nitrogen 

= Ssalt ficult to control — Shenfeld 
- O.H. meets standards - Shenfeld 
sulphur dioxide 

- control & removal technology 

- effect on vegetation 

aquatic environment 

- dismanagement approach by Ministry 
- effects of thermal discharges 


- fish avoidance techniques 
- generation limit around Great Lakes 
= TOR. sStCUGLES On 
= ‘fish kills 
= P2ekering: GS. 
- reporting requirements 
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Transcript 
Vol. No. Page 
Bisset 25 3298-3300 
} 25 3357-3358 
environmental assessment 
- program environmental assessment - 
Caplice 26 3435-3337 
26 3441 
- site-by-site decision making 25 3283-3291 
- secondary level impacts 25 3287-3291 
- total accumulations are not 
ignored an 3285- 
- view point differences among 
Ministries 25 3291-3293 
- delays in projects, due to 28 3701-3707 
- activities exempted 25 3314-3316 
- project approval, process & examples 25 3339- 
- anyone can invoke hearings - 
Mulvaney as 3343 
- projects covered 25 3301-3339 
- projects "need" 25 3317- 
environmental legislation 
- regulations applicable to Hydro 26 3438-3441 
- Ontario and other provinces' 28 3675-3682 
comparisons 
environmental loading 25 3283-3291 
environmental protection 
- electrical energy utilization for 26 3393-3395 
- research & monitoring by Ministry 26 3449-3452 
Environmental Protection Act 
- private enterprises excluded - 
Graham 28 3716-3726 
penalties or prosecution against O.H. 28 3698-3701 
3707-3709 
environmental protection 
- costs 
- capital 35 4369-4381 
- considerations during construction 35 4418-4420 
- may affect competitiveness of 
industries 75 9438-9440 
- Ministry of Natural Resources 30 3843- 
- generating stations 6 730-734 
7 853-856 
8 1026-1033 
- mitigation procedures 8 956-957 
- international commitments - Foulds 70 8795-8801 
- people are overly concerned - CMA 75 9406- 
Environmental Assessment Act 
- be fully applied to O.H. - 
Kendall 67 8475 
67 8484-8485 


67 8494- 
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Ministry of Natural Resources 


aquatic life 

- cold shock to fish when plant is 
shut down 

- commercial & recreational value 

- impinging & entraining-Hartley 


- radioactivity pick up by 
- phytoplankton and zooplankton 
- research 
- aquaculture & silvaculture 
- Chalk River Symposium-warm water 
Bissett 


coal deposits & potential 
cooling 
- Great Lakes 
- once-through 
- guidelines of the Ministry 
- the Ministry is opposed to 
- towers 
Environmental Assessment Act 
- involvement of the Ministry 
environmental protection cost 
- responsibilities 
- division with the Ministry of the 
Environment 
- sulphur dioxide 
- effects of and sources from 
- fall out 


- thermal discharge 
~- discharge preferable in Lake Erie 
to Lake Superior or Lake Huron - 
Loftus 
- effect on aquatic life & recreation 


- littoral zone defined 
- radioactive pollution 
- Scol symposium 
- oxygenation-dissolved oxygen in 
water 
- spawning 
- tempering water - Hartley 


Cooling of Generating Stations 


cooling by lakes 

- emission regulations 

- environmental effects 

- tempering water 

cooling towers 

- Ministry of Natural Resources 
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Transcript 
Vol. No. Page 
- possibilities still remote 50 6311-6314 
- throughout 5 660 
once through cooling 
- Ministry of Natural Resources 
- guidelines 30 3846-3848 
- opposition of the Ministry 30 3787- 
- Thermal discharges 25 3260-3278 
- aquatic life, effect of Foe | 3509-3543 
- benthic organisms af 3510-3513 
- chlorine & chlorine levels 27 3524 
27 3537-3540 
- biomass yields & measurements Pe | 3514- 
= ~ fish. ete, Pe | 3520- 
27 3534-3536 
- littoral zone 26 3430-3432 
Sudbury's suggestion and difficulties 
in his suggestion 26 3428-3434 
- Bisset - approval certificates 25 i  & / 
- OWRC 25 3268- 
- pollution - prevention v/s abatement 25 3278- 
- technical guidance manual for thermal 
discharges - Johnson he 3273-3276 
- plumes combines - implications & 
studies a! 3562-3570 
- French electricity board 
citation - Johnson 27 3566- 
- approval certificates - Bisset he ce i 
- aquatic life 27 3509-3543 
30 3897-3902 
31 3913-3946 
- benthic organisms Zi 3510-3513 
- biomass yields and measurements 27 3514- 
- chlorine & chlorine levels 27 3524- 
21 3537-3540 
- cold shock to fish cad 3964-3965 
- Environment Canada 
- position on 70 8819-8820 
= Tish ;.ete. 27 3520- 
| 3534-3536 
- Great Lakes 
- clean-up 
- Canada - U.S. agreement 31 3911-3913 
- multiple use of 31 3953-3957 


- impinging and entraining - Hartley 31 3961-3963 
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Fisheries and Environment Canada 
- air pollution 


long range transport 
nitrogen oxide control 
sulphur dioxide 

- control technology 
chemical pollutants 
department 
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- responsibility of - Birch 
- Sea Lamprey Control Program 
economic activity 
- decline in growth 
environmental assessment 
- Federal Government 

- major projects 
Flowers Commission (Britain) 
- opinion on report 
highlights 
- Durham 
- Elder 
- Foulds 
- Slater 
international commitments - Foulds 
land use policies 
- general studies on 
- multi use of rights-of-way 
renewable energy sources 
- environmental impact 
thermal discharges 
- position on 


Other References 
- Environmental Assessment Act 


application to Hydro projects 


- thermal discharges - effect of 


Canadian Manufacturers Association 
- coal 
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- environmental protection 
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- Hearn G.S. 
- use of gas not liked 
- Environmental Assessment Act 


be fully applied to Ontario Hydro 


Huron Power Plant Committee 
- air pollution 


damage to crop 
- estimates 


- no studies on grain corn or 
winter wheat 
transportation vehicles, due to 


opposition to general industrial- 

ization, not necessarily Ontario 

Hydro 

Ormrod studies 

sources 

- are neighbouring states told to 
reduce industrial development 

biological effects - Newell 

- any submissions from medical 
group? 


- Goderich site 


will be the height of folly - Vos 
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Privately-Owned Industrial Utility 
Systems 6.1-11 
- Gananoque Electric Light and 
Water Co. Ltd. 6.1-11 
~- Great Lakes Power Corporation 6.1i-~il 
- Canadian Niagara Power 61-12 
- Cornwall Street Railway, Light 
and Power Company and the St. 
Lawrence Power Company 6.1-12 
- Abitibi Paper Co. Ltd. 6.l1-12 
- The Ontario-Minnesota Pulp 
and Paper Cc. Ltd. 6.1-12 


- The Huronian Co. Ltd. & International 
Nickel Co. of Canada Ltd. (INCO) 6.1-13 
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Alternatives for Development of New 
Generation and Associated Transmission 


- Dual Purpose Thermal Electric 
Generating Units 


IV. SOLAR ENERGY 


Generation Technical 2 
Emergent Systems for Power Generation 


- Solar 


Energy Utilization 4 
Solar Energy Systems 


- Solar Heating - No Storage 
- Solar Heating - One Day Stcrage 
- Solar Heating with Seasonal 
Storage 
Energy and Demand of Solar Heating 
Systems 
- Solar Heating - No Storage 
- Solar Heating - One Day Storage 
- Solar Heating with Seasonal 
Storage 


Ve OTHER SOURCES 


Generation Technical 2 


- Fusion 

- Geothermal 

- Magnetohydrodynamics 
- Wind 

- Biomass 


Local Generation for Remote 
Communities Wind Turbines 
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Status of Energy Storage Technology 


- Above Ground Pumped Storage 
- Underground Pumped Storage 
~ Hot Feedwater Storage 

- Steam Storage 

- Underground Air Storage 

- Hydrogen Storage 

- Flywheels 

- Batteries 


Generation Planning 


- Energy Storage Schemes 
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APPENDIX B-3 


REFERENCES TO CONVENTIONAL AND ALTERNATE 


POWER GENERATION TECHNOLOGY 
IN MINISTRY SUBMISSIONS 
AT THE PUBLIC INFORMATION HEARINGS 


Ministry's function of monitoring 
supply and demand for energy in the 
province 

Ministry's responsibility in securing 
fuel supplies 

Possible impact of alternative energy 
sources 

Ministry's work in matters of purchase 
of electricity from other provinces 


Ministry of Energy — Part II 
Structure and Operation 


Areas of Policy Guidance 

- Environmental policy : 

- Regional Planning and Development 

- Land use/siting 

- Social Policy 

Policies Specific to Ontario Hydro 

- Capital Borrowing 

- Financial Integrity 

- Inter-connection of Provincial 
Utilities 

- Fuel Availability 

- Exploitation of Technology 

- Canadian Purchasing Preference 


Examples from Electric Power Planning Process 


Ministry of Energy - Part III 


Feasibility study on Onakawana lignite 
Assessment of Coal Slurry pipeline 
Evaluation of wood residues as an energy 
source 

Ministry's part in supporting research 
in solar technology 

Energy supply/demand projections for 
Canada 
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Submission, January 1976 12-1 
The Ministry of the Environment and 
Ontario Hydro 8 
- Environmental protection 1g 

- . Water Protection 

- Air Protection 
- The Context of the Commission's Work 25 
- Basic Planning and Technological 

Issues 24 


- Basic Electrical Planning Issues 
- General Technical Issues 
- Additional Priority Projects 36 
- Closing off Options 
- Government's Economy Measures 
- Import of Electricity 
- In-Service Time for Generating 
Stations 


North Channel G.S. and Other Priority 


Projects 42 
Ontario Hydro's Studies 44 
After the Royal Commission 45 
Submission - May 1976 ee 

Environmental Legislation Bale 
- Introduction al 
- The Environmental Assessment Act, 1975 12 

- General 


- Section 5(3) 
- The Process under the Act 
- Program Environmental Assessments 
- The Environmental Protection Act, 1971 
and the Ontario Water Resources Act 18 
- Provisions for Approvals and Permits 
- Waste Management 
- Prohibition and Penalties for 
Contravention 
- Control and Direction 
= “Ine Pesticides Act, .1973 25 
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The Work of the Ministry of the Environment 27 
The Ministry of the Environment's Programs 
for the Prevention of Environmental Damage 29 
- The Environmental Assessment Process 29 
- Objectives of the Environmental 
Assessment Program 29 
- The Process 
- Methodology 


- Resolution of Conflicts 
- Public Participation 
- The Environmental Approvals Branch 
and Ontario Hydro's Environmental Studies 
- Environmental Assessment within the 
General Approvals Framework 


- The Industrial Approvals Process 39 
- Introduction 
- Air Resources 
- Water Resources 
- Land Resources 
- Disposal 


The Ministry of the Environment's Support 


Programs (Technical) 52 
- Air Resources 52 
- Introduction 


- The Air Resources Branch 

- Air Quality Management 

- Guidelines for Thermal Generating Stations 

- The Ontario Air Pollution Index Research 
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- Water Resources 58 

- Introduction 

- Effects of Waste Heat 

- Requirements for Thermal Generating 
Stations 

- Assessment of New Thermal Generating 
Stations 

- Hydraulic Electrical Generating Stations 

- Research and Special Studies 


- Land Resources 65 
- Fly Ash 
- Pesticides 
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The Ministry of the Environment's Programs 
for Environmental Control (Monitoring, 
Surveillance, Abatement) J 
- Introduction 
- Monitoring and Surveillance of Generating 
Stations Prior to Commissioning 
- Monitoring and Surveillance of Generating 
Stations after Commissioning 
= his 
—- Water 
- Fly Ash 


Ministry of Health 


Selection of Site 
Community Health Needs 
- Life Style 
- Occupational Health and Safety 
- Environmental Health 
- Recommendations 


Ministry of Housing 


- Description of Present Activities in 
the Ministry of Housing of Interest to 
the Royal Commission 
- Community Planning 
- Housing Development 


= Suture issues or Mutual Concern 
- Community Planning 
- Housing Development 


- Capital Formation and Expenditure in 
Housing 
- Future Estimated Capital Requirements 
in Residential Development 
= Future Issues 


Ministry of Industry and Tourism 


- Role of Manufacturing in Economy 

-~ Role of Electricity in Manufacturing 

- Availability and Price as it Affects 
Regional Development 

- Changes in Energy Sources and Conversion 
to Electricity. 

= The Effect of Hydro Projects on the 
Industry in Ontario 

- Ministry Participation with Ontario Hydro 

- Conclusion 


Exhibit 


No. 


Vea 


10 


15 


Page 


69 
69 


70 


70 


Oo nr & 


Ministry of Natural Resources 


Responsibilities, Concerns, Positions 
Information Regarding Potential Fuel 
Supplies 

Legislation Impacting upon Ontario 
Hydro (Appendix I) 

Criteria and Guidelines for Waste Heat 
Discharges to the Great Lakes System 


Ministry of Treasury, Economics and Inter- 
governmental Affairs 


Long-Run Economic Development Priorities 

in Ontario 

Capital availability 

- The Long Term Financing Gap 

- Approaches to Capital Availability 
Forecasting 

- Detailed Availability Estimates 

Economic Development Issues 

- Power Imports 

- Reserve Margins and Reliability 

- Reliability and the Cost Benefit 
Approach 

- Implications 

Economic and Regional Development 

Considerations 

- Site Selection 

- Generating Facilities 


Exhibit 
No. 


14 


18 


APPENDIX B-3 


Page 


Lf 


2a 


Cont 


~aanag hcl ag rs at 


; 


ian panne ‘ae ; 
Lave Sees ar, 
Prey ya Stauth ; 

eahitinD sina 


aot i Shia tay ve r 7 


ee | aa wee 


quel) ; QAM) Dime at agi " 
PY 0 MP a)s 

: at). ae 

visit y oh ante 


APPENDIX B-4 
REFERENCES TO CONVENTIONAL 
AND ALTERNATE POWER TECHNOLOGIES IN 
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PUBLIC INFORMATION HEARINGS 
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No. Page 
SIERRA CLUB 
Introduction 26 
Issues for Consideration by the Commission 
- Environmental Costs 
FISHERIES AND ENVIRONMENT CANADA 32 
EXPANSION OF THE POWER PRODUCTION SYSTEM 55 
Demand for Land 35 
Development of Hydro Power Potential 56 
Development of Primary Energy Sources 
for Thermal Power Generation 57 
- Coal 57/ 
- Uranium 57 
- Natural Gas 58 
Plant Expansion 59 
- Natural Land Uses 59 
- Agricultural Land Uses 60 
- Cumulative and Regional Effects 61 
- Socio-Economic Effects 62 
General Land Use Implications of Plant 
Expansion 63 
Two-Way Relationship Between Energy 
Land Use 68 
SPECIFIC ENVIRONMENTAL CONCERNS 
Production of Electric Power: Hydro 71 
Production of Electric Power: Thermal Fossil 
Fuels 91 
Production of Electric Power: Solid Waste 
Materials 111 
Production of Electric Power: Thermal 
Nuclear 115 
Transmission and Distribution of Power 144 


Energy and Climatic Change 151 
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Fossil Fuel Usage and Future Potential 
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Summary 


Net Energy of Fuel Production 
Environmental Impacts 

Overview of Environmental Impact 
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Transportation 
Power Generation 


a) Atmospheric Emissions - National 
Air Quality Objectives 


b) Sulphur Oxides 


(i) Atmospheric Concentrations and 
Air Quality Objectives 


(11) Airborne Transport 


(111i) Acid Precipitation and Particulate 
Sulphates 


(iv) Abatement Options 
c) Nitrogen Oxides 
dad) Particulate Emissions 
e) Coal Dust Particles 
f) Thermal Emissions 


Solid Waste Disposal 


PRODUCTION OF ELECTRIC POWER: SOLID WASTE MATERIALS 


Potential Supply 
Feasibility 

Environmental Impacts 
References to Section 5.3 
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Wind Energy as a Source of Electric Power a5 
- Introduction 
- Low Power Aerogenerators 
- High Power Aerogenerators 
- Site Proving 
- Regulation, Standards and Codes 
ONTARIO INSTITUTE OF AGROLOGISTS cy, 
- Impact of Electrical Development 
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- Impact of Electrical Power Projects 
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ENERGY PROBE 38 
Renewable Energy 
- Preface 45 
- The Institutional Context 45 
Barriers 
- "Curves and Scales" 48 
- Regressive Pricing 50 
- Corporate vs. Private Supply ok 
- Amortization and Financing 52 
- Summary 56 
Economic Analysis of Direct Solar Heating 
- Introduction 58 
- Summary of Ontario Hydro 
Report #75092 58 
- Survey of Available Systems 60 
- Lifecycle Costing 64 
- Equal Case Analysis 66 
Some Technical Issues 
- Introduction 68 
- Peaking Problems 68 
- Alternate Back Up Systems 70 
Bibliography 
DOW CHEMICAL 39 
- Introduction 
- Reasons for Participating in the 
Inquiry 


- Areas which in Dow's Opinion should 
be Considered by the Commission 
(a) Dow's Total Energy Concept 
(b) Dow's Recommendations 
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- Interconnection and Power Pooling 
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- Environmental Concerns 

- Conclusion 


COAL ASSOCIATION OF CANADA 42 


Introduction 

Ontario-Canada's Largest Coal 
Consuming Province 

Canadian Thermal Coal for Ontario 

Transportation 

Coal-Related Research and Development 

Coal and Ontario's Future 

Conclusion 


HURON POWER PLANT COMMITTEE 46 


Electric Power Generation and the 
Expected Impact on Food Production 
iieHuron County 


introduction 

Impact of a Large Development in 
Huron County 

Generating Stations and Pollution 

Sources of Oxidants (Ozone and Pan) 

Economic Losses for Agriculture 

Ontario Hydro's Alternatives 


NW & WW NY 


URBAN DEVELOPMENT INSTITUTE 49 


- New Technology (Solar Heating) 


McCLINTOCK HOMES LTD. 52 


Introduction 
Provident House 
- History 
- Conservation Aspects 
Energy Conservation in Housing 
Energy in the Residential Shelter 
Industry 
Observations 


SCIENCE COUNCIL OF CANADA 53 


- Energy Research, Development and 
Demonstration Priorities 


ONTARIO MINING ASSOCIATION 
I. Introduction 
Le Future Power Sources 


a) Hydraulic Generating Capacity - 
Northern Ontario 


b) Inter-Provincial Power Links 


c) Mining Industry Generated Power 


III. Conservation of Energy 
a) Waste Heat 


b) Peak Power, Load and Power Factor 


IV. Conclusion 
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PUBLIC INFORMATION HEARINGS 


LIST OF EXHIBITS 


Topic 2: Generation Technical 


Exhibit 2-4 Summary of the Undeveloped Hydraulic 
Power Resources of Ontario. 


Topic 3: Generation Environmental 


Exhibit 3-6 Arsenical Air Pollution and Lung Cancer. 
An article by William. J. Blot and Joseph 
EF. Fraumeni, Jro, Ine bancet, culy co; 
UST Sip lacs 


3-7 Prefiled Testimony of Dr. William N. 
Stasiuk before the New York Public 
Service Commission, dated October l, 
1975, docket numbers PSC 26529 and 


PLoS a, 
3-8 Environmental Design Manual (to come) 
8-2 Ontario Hydro Research Quarterly Bulletin 


#25, UNO. 2, oOCOnd Ouarter wo (i woy. 


Kerry "SO, Near Generating Stations." 
3-10 Suspended Particulates from Fossil Fuels 
3-11 Article entitled "The Findings Got 
Changed", Los Angeles Times, February 29, 
L976 


Topic 8: Provincial Development and Land Use Planning 


Exhibit 8-6 Main components of Provincial Planning 
System 


Topic 9: Ministry of Agriculture and Food 
Exhibit 9-2 A Policy Position Paper entitled "Strategy 
for Ontario Farmland" 
Topic 12: Ministry of the Environment 


Exhibit 12-5 Letter, December 17, 1969, from G.E. 
Cotlins,. sChairman-aO.Wer- Ce cto Gre. 
Gathercole, Chairman of Ontario Hydro 


12-6 Technical Guidance Manual for Water 
Drainage P.G. 316, U.S... Zero. Discharqe? 
"Requirements for Cooling Towers" 
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12-7 Air Quality Monitoring - Reports for 
1971-12-7 (a) 
I972512=7 . (b) 
L997 3~12=7, » (c) 


12-8 Report re Sulphur Dioxide Review (to be 
filed) 
12-9 Emission Survey for Metropolitan Toronto 


(Hearn and Lakeview) 


12-10 Report on Oxidants and their Precursors 
in Canada (to be sent to O.H.) 


12-16 Environment Canada: Review of Heated 
Discharge for D. of E., Management and 
Control Alternatives Once-through 
Systems in Large Water Bodies, Economic 
and Technical Review Report EPS 3W.P.-4 


12-17 Exchange of letters re the Lake Huron 
Thermal Plants in the vicinity of Bruce 
(to come) 


Topic 13: Ministry of Energy 


Exhibit 13-1 Wind-power report prepared for the Ministry 
of Energy and Ontario Hydro by the Ontario 
Research Foundation and the Electrical 
Research Association of the United Kingdom 


13-2 Report entitled Preliminary Assessment of 
the Potential for Large Wind Generators for 
Fuel Savers in AC Community Diesel Power 
Systems in Ontario, dated March 12, 1976, 
prepared by the Ontario Research Foundation, 
C.K. Brown in conjunction with Dr. R. Higgin 


13-3 District Heating Study dated February 1976 
carried out by Acres Shawinigan Ltd., for 
the Ministry of Energy 


13-9 Paper to be delivered by Dr. Roger Higgin at 
the Winnipeg Solar Energy Conference (to be 
supplied) 


Topic 14: Ministry of Natural Resources 
eR te) Rascal: Selene ten athe elicited Mi ah ate cit 


14-2 An extract from Working Group Project 23, 
Upper Lake Working Group, International 
Joint Commission 
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Topic 15: Project Management 


Bxnibptelo=—6 Letter from Rk. eb tlay Lor, TO A. ee. 
MacDonald and attachments 


Topicry Lis) sbuelSn supp Ly, 


Exh ol teins Group of Transparencies respecting Fuel 
Suppl yiete allie 


17-3 Chart, from -p. 76, 0f the 1975, Reportcor 
the Federal Department of Energy, Mines 
and Resources, "An Energy Policy for 
Canada" 


17-4 | Figure 20 taken from page 83, Canadian 
BCBG y ee EOSPeCEs 


17-5 Chart 19 from the Ministry of Energy 
presentation to the Select Committee 


Topic 23: System Interconnections 


Exhibit 23-10 Review of Consultants Report on the 
Social Effects of Atmospheric Emissions 
from Fossil-Fired Thermal Stations, 
Report. 75-75-K, prepared by P.J. Youston, 
Mathematician, Ontario Hydro, Operations 
Research Group 


Topic 32: Fisheries and Environment Canada 


me Oe oe Ee Ae 
Exhibit) 32=1 Pamphlet issued by International Joint 
Commission, 1974 entitled Great Lakes 
Water Quality 


32-2 International Joint Commission, 1975 - 
Annual Report regarding Great Lakes 
Water Quality 

32-3 Paper entitled Long Distance Transport 
of Atmospheric Pollutants 


32-4 Pamphlet entitled The Clean Air Act - 
Regulations and Guidelines 


32-5 Agreement respecting Great Lakes 
Quality between Her Majesty the Queen 
in right of Canada and Her Majesty the 
Queen in right of Ontario, dated 
March 2, L976 


32-6 Summary of Brief presented by Dr. R. W. 
Slater 
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Topic 37: Ontario Institute of Agrologists 
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Exhibit 37-1 Norman Pearson's Study - "Foodland and 
Energy Planning" Volumes I and II 


Topic 38: Energy Probe 


Exhibit 38-2 Document entitled The Renewable Energy 
Handbook 
38-3 Paper entitled Projecting an Energy 
Efficient California by Goldstein and 
Rosenfeldt 
38-5 Booklet reprint from Foreign Affairs 


entitled Energy Strategy: The Road Not 
Taken? by Amory B. Lovins 


Topic 44; The Ontario Electric League 


Exhibit 44-1 See attached list 


Energy and Mans Environment Incorporated 


1) Energy Activity Guide 

2) Glossary 

3) Sources of Energy 

4) Uses of Energy 

5) Conversion of Energy 

6) Impacts of Energy 

7) Limits of Energy 

8) Future Sources of Energy 


Topic 46: Huron Power Plant Committee 


Exhibit 46-1 Document entitled Highlights from Ormrod 
| Study on Air Pollution in Huron County, 
1976 
46-2 Document entitled Air Pollution Studies, 


Huron County 1976, D.P. Ormrod 


46-3 Document entitled the Impact of Urban 
and Industrial Development on Crop 
Production in Surrounding Areas by 
Dey. Ormrod 


Topic 53: Science Council of Canada 


Exhibit 53-2 Science Council of Canada, Report #23 
dated March 1975 entitled Canada's Energy 
Opportunities 
53-3 Science Council of Canada, Report #25 


dated July 1976 entitled Population, 
Technology and Resources 
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Topic 59: The Canadian Steel Industries Construction Council 

ExnioLte a9 2 Remarks by Robert F. Gilkeson, Chairman 
of the Board, Philadelphia Electric 
Company, made before the American 
Institute of Steel Construction dated 
October 30, 1974 


"Electric Power and American Industry- 
A Look Ahead" 


Topic 61: Ontario Mining Association 


Exhibit 61-1 Resume or list of Power Interruptions 
in Mines in Ontario (to be received) 


Topic 64: Office of Energy Conservation, Energy Mines and 
Resources, Canada 


Exhibit 64-6 Booklet entitled A Critique of "At 
Issues: Electricity" November 1976. 
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RESEARCH AND BACKGROUND PAPERS DEVELOPED BY THE COMMISSION 


Environmental Health Factors 
Associated with Power Generation Dr. D. Dewees 


Fuels - The Supply and Demand Dr. L. Bertin 


Power Generation Technologies - 
The Alternative Dr. R. Swartman 


Socio-Economic and Institutional 
Factors in Electric Power Planning Dr. C. Hooker 


A Study of Awareness, Attitudes and 

Future Expectations of Ontario 

Residents Regarding the Supply and 

Use of Electrical Energy Semper Paratus Ltd. 


Land Use Implications of 
Electrical Supply Facilities Norman Pearson 


The Role of Ontario Hydro as an 
Economic Development Tool of the 
Province J. O. Dean 


A Methodology for Comparing Total 
Costs of Alternate Technologies in 
Electrical Supply Dr. Potts sell 


An Impact Survey of Communities 
Adjacent to Recent Ontario Hydro Dr. E. Pickett 
Developments (Experience '76 Project) 


A Survey of the Prospects of 
Solar Electricity and Heating for Dr. J. Shewchun 
Ontario 


An Evaluation of Possible Solar 
Energy Market Share for Space and 
Water Heating in Ontario i.8.1. Group Ltd. 
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RESEARCH WORK FUNDED BY THE COMMISSION 


Food Land Steering Committee 
Research includes: 


- future food and energy needs 
- impact of large generating stations and 
transmission lines 


Huron Power Plant Committee 
Research includes: 


- damage to crops by industry induced air pollution 
- relationship between ozone concentrations and 
weather patterns. 


Energy Probe - Toronto 
Research includes: 


- the economic, environmental and social implications 
of Ontario Hydro's generation programs as compared 
to other alternatives. 


Consexvation Council of Ontario 
Research includes: 


- areas of conservation and pollution, use of waste 
heat from generating stations, 

- alternative sources of generation, merits of the 
use of more coal and less gas and oil as fuels, 
potential of solid waste as fuel, 

- pricing, improvements in building codes, land 
use, etc. 


Sierra Club 


Research includes: 


- study on potential for energy conservation in 
Ontario 

- study on estimated effect on peak load of electric 
hot water heating and electric space heating. 
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DATA CONCERNING THE 1976 ONTARIO HYDRO SYSTEM 


Total Energy 
Station No. of Capacity Production 
Type Stations MW % % 
ee Ss sine alas [Sy se ee ee 6 aL 
Hydro-electric fe: 6,200 30 36.0 
Coal 4 8,100 40 24.0 
Oil 1 1,500 f) 269 
Gas a 600 3 4.6 
Nuclear 3 2,300 iL 17.0 
Combustion Turkine 3 Te) 460 2 0.0 
Purchases ae 1,200 6 Lae 
Total 99 20,360 99 100.0 


fhe load factor during 1976 was 65%. 


This represents a count of the possible sources of 
purchased electricity. 


* One Megawatt (MW) is 1 million watts. 
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